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ABSTRACT 

Plate from a new heat of airmelted 18Ni-7Co-5Mo maraging s t e e l  
has been evaluated and the results are compared t o  those obtained 
on a previously evaluated heat. Hardness, uniaxial  t ens i l e  
properties, and toughness were determined after selected aging 

treatments. The properties obtained on the new heat of material 
coincide reasonably mll v i th  those of the previously evaluated 
heat, although some differences do e x i s t .  
a t ion revealed the  presence of inclusions and banding which may 
have a signif icant  Influence on properties.  

Metallographic examin- 
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1. INTRODUCTION 

"his program i s  being conducted under the sponsorship of NASA, 
Space Vehicle Research and Technology. The purpose is t o  
determine whether the properties of 18Ni-7Co-~MO maraging 

steel and the associated processing techniques are pesently 

applicable t o  space launch vehicle construction. 

During the last two years, Douglas Aircraft  Co. and Newport  

News Shipbuilding and Dry Dock Co. conducted a jo in t  company- 
sponsored research and development program t o  evaluate 3/4-inch 
thick airmelted 18Ni-7Co-5hb plate .  
taken t o  determine the properties and fabr icabi l i ty  of the alloy, 

and t o  define potent ia l  problem areas. 

The program was under- 

Under the current NASA contract, 3/k-inch thick p l a t e  from two 
new heats of airmelted 18Ni-7Co-5W steel w i l l  be evaluated 
and the result8 compared t o  those obtained in the Douglas- 
Newport News program. 

Included in the present program are evaluation8 of the e f f ec t s  
of aging treatment on uniaxial t ens i l e  properties and fracture 
tou&hness of both parent material and weld8. 

made in plate from one of the two new heats using the iner t -  
gas shielded m e t a l  arc techniques and a f i l ler  wire selected 
during the earlier company-sponsored program. The results of 
the weld t a r t s  will be compared w i t h  the earlier weld data t o  
determine whether o r  not these proces8es are reproducible and 
suitable f o r  production application. 

Welds will be 

In addition, the  eucltalned-load behavior of plat. rad nldmente 
in environments n o m y  a8SOCi8ted with proof testing w i l l  be 
investigated. 
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2. 

Thir flrrt progress report prerente the results obtained on 
one plate imm one of tha two new heats t o  be evaluated. 

B e  rerultr include data on uniaxial tensile propertlea, 
fracture tou&ness, dimensional and roundness inspection, 
chemlcal analyser, and rwtdllographlc rmminakions. 

2.1 Plat. 

The plate evaluated In the earlier company-sponsored pro- 
n r r m  rhm11 herCrf'+.rr b* --fe-md +.Q an 'Qen_t-l" plate (Ref = 1) : e-- -- ----- --- 
Thir material was part of a twenty-two ton melt produced by 
U. S. Steel Corporation by electric furnace, air-malt 
techniques. 
3/4-in. were used in the evaluation. 

Two plates, approximately 240-in. x UO-in x 

Msterial procured for this NASA study Will come from two 
different heats. These heats shall hereafter be referred 
to aa "Heat-A" and "Heat-B", respectively. 

Heat-A material yzis received as one air melted plate approx- 
imately &-in. X &-In. X 3/4-in. 
for evaluation because the titalum content is at the lower 
limit of the nominal range for the 250 ksi grade 18-7-5 alloy. 

This plate was selected 

Table 1 presents the chemical compositions of Heat-1 and 
Heat-A plate. Douglee, IJewport News,  and U. S. Steel analyses 
are presented for Heat-A. 
Heat-1 and Heat-A campositions are very similar except for 
the titanium content. 

The three agree quite closely. 

Heat-B material was ordered per tentative Douglas Specific- 
ation DMS 1835. This specification I s  presented I n  Appendix I. 

2.2 Plate Inspectian Procedures 

Plates from both heats were ultrasonically inspected for 
thickness uniformity and soundness upon receipt at Newport 
News. Pulse echo techniques were employed for test of 
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2.3 

2.4 

2.5 

soundnem using 8tand6rd rhipyard pract ices .  
points were located on a e i x  inch grla in te rsec t .  

Inspection 

Plate layout 

Figure 1 and 2 show the p l a t e  layouts use fo r  Heat-1. 
Specimen number8 are indicated on the  layout. 
shows the  Heat-Alayout. Plasma arc  cutt ing and abrasive 
sawbg were used to ciit the rorrgh blanks. 

Figure 3 

Teat Specimen Types and Testing 

Uniaxial t ens i l e  data were obtained using 0.505-inch 
diameter specimens i l lus t ra ted  i n  Figure 4 .  
toughness was evaluated using the 24" X 3" X 3/4" specimen, 
Figure 5, with a centrally located shallow crack. The 
shallow crack was induced by means of flexural fa t igue as  
described i n  Section 2.6. Fracture toughness evaluations 
conducted during the joint  Douglas-Nwtport News program 
were performed with 48" X 4" X 3/4" specimens i l l u s t r a t e d  
in Figure 6. 

Fracture 

Laad rater were maintained a t  approximately 100,000 pounds 
per minute f o r  both tensi le  and f rac ture  toughness tes t ing .  
All tests were conducted i n  the ambient atmosphere a t  
temperatures ranging from 72 t o  77OF, and with dew points 
from 50 t o  55OF. 

Heat Treatment Procedures 

All aging heat treatments were performed on as-machined 
specimens taken from the as-received, mill-annealed, p la te .  
The m i l l  anneal was performed a t  l 5 O O O F  fo r  1 hour followed 
by air  cooling. 
air  furnaces. 
previously heated t o  the desired aging temperature. 
specimens were then allowed t o  come t o  thermal equilibrium 
with the  furnace before the nominal aging period was started. 

A l l  specimens were heat t reated i n  convective 
Specimens were batch loaded in to  a hot furnace 

The 
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Temperature was monitored by means of six independent 
thermocouples located a t  different  posit ions within the 

furnace. 
approximately 30 t o  45 minutes. 
was achieved, temperature control v a ~  maintained to within 

The attainment of thermal equilibrium took 

Once thermal equilibrium 

- + 5% 

The majority of the Oe?05-in_& disimter +-ensile apecimne 

were furnace loaded i n  four  bundles of four specimens each 
(two transverse and two longitudinal) a t  each of the four 

aging temperatures employed. 

attached t o  each bundle. Four-specimen bundles were removed, 
successively, after each of four aging periods and subsequently 
air cooled i n  ambient s t i l l  a i r  t o  room temperature. 

Monitoring thermocouples were 

Six 0.505-inch diameter specimens used t o  check the tensile 
properties of the Heat-A plate were heat treated i n  one load 
a t  900OF for  3 hours. 
nesa rpeclmens were a l a 0  heat treated i n  a single load a t  
9ooop f o r  3 hours. 

The s i x  24" X 3" X 3/4" f rac ture  tough- 

2.6 Preparation of Shallow-crack Specimens 

Shallow cracks were induced i n  the fracture toughness specimens 
by means of a f lexural  fatigue procedure similar to that 

described i n  Douglas Laboratory Procedure, DLP 13.822 presented 
i n  Appcndlx 11. 
material, rather than plate. 
are ident ical  f o r  sheet and plate. 

The DLP presents the procedure used f o r  sheet 
However, the general procedures 

Approximately 5,000 cycles yere required t o  init iate a vielbla 
crack, and up t o  l5,OOO cycles ( a t  ll0 cycles per minute) 
were needed t o  achieve the desired crack s ize .  

3. RESULTS ARD DISCUSSIOa 

3.1 Mmenslonal,, Soundness and Bardncrrs In6pectlon 

Ultrasonic inspection failed t o  indicate eny def8ct8, reJectable 



per DMS 1835, i n  either Heat-1 or A plates. 

Thickness traverse data are tabulated in Tables I1 thru N. 
The tolerances for Heat-1 plates exceed the maximum specified 
in AMs 2252 (plus 0.044, minus 0.010-in.) ranging between 
O . 7 5 O - h .  plus 0.059, minus zero for plate 1 and plus 0.088, 
minus zero for pla te  2. 
0.750 plus 0.044, minus zero. 
limit of E 2252 requirements. 

Heat-A plate thickness ranges between 
The latter boarders on the upper 

Plate surfaces are characterized by a rather tenacious m i l l  

scale which is not readily removed by grit blasting. 
thickness of the scale is approximately 0.001 inches and does 
not appear to be damaging. 

The 

The hardness of the as-received plate averaged 34 Rockwell C, 
and ranged from 32 to 34.5 Rockwell C. 
the limit specified in Dds 1835. 

These values are at 

3.2 Metallographic Examination 

Metallographic specimens were examined from Heat-A plate in 
the as-received mill-annealed condition. Both transverse and 
longitudinal sections were examined. 
characteristic microstructures. 
general appearance for both longitudinal and transverse 
specimens. 
transverse than on longitudinal sections. 
structures were observed for Heat-1 plate. 

Figure 7 illustrates 
Figure 7-a represents the 

Banding is prevalent and is more pronounced on 
Similar micro- 

Mgure 7-b illustrates a type ui A L L L : ~ L C I ~  found very 
occasionally. 
within light etching bands. 

appear to be bounded by rharp cornered voids. 
have been produced by selective etching; however, In a l l  

probability they were induced during plate rolling when the 
inclusions failed t o  defonn and elongate into the surrounding 
material. 

!his type of L L ~ U B ~ C ~  apFears predominately 
The extremities of t he  inclueions 

The voids may 

Positive identification of this type of lncluelcm 
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ir not available, hovewr, other i n ~ ~ t i g a f o r ,  hve 8uqlg.rt.d 

the por r ib i l i t y  of a cauplex t l ~ u m - c a r b o n - ~ ~  
intermetallic phase. !he effectr that there l.nalurlonr psy 
have on propertier ur not pnrently known. 

3.3 Ihruile proP.rty Check 

3.4 J3ffect of Rolling Mrection and Aging Treatment on Tbnsile 
Properti86 

Figures 8 thru 12 rhow the effect of wing time and temper- 
ature on the unlwlal tensi le  propertier of both transverra 
and longitudinal 0.505-in. diameter specimens from the Heat-A 
plate .  
9500F‘ and aging timer of 1, 3, 6, and 12 hours. 
represents an lnd lv i~ua l  test specimen. 

Data rho- are for  aging temperature8 of 875,900 and 
Each point 

Data f o r  Heat-1 a m  shown i n  Figure ll. 

aged f o r  timer of 1, 3, 8, o r  1 5  hours. 
are not i l l u s t r a t ed  in figure 11 since valuer f o r  the range 
were not obtained. Tabulated data f o r  both Heat-1 and 
Heat-A are presented i n  Appendix 111. 
compared In Figure 12. 

Specimens wre 

Yield strers data 

Heats-1 and A are 

me data may be summarized as follower: 

1. The t ens i l e  properties of Heat-1 p la te  are essent ia l ly  
constant after aging a t  900 t o  9 5 O q  (Figure 11) f o r  
3 t o  8 hours. 
produces very l i t t l e  changes compared t o  shorter aging 

t h e 6  a t  the same temperatures. 

Aging a t  900 and 925OF f o r  15 hours 

2. Heat-1 plate  aged at 875op’ (Flgure 11) exhibits increasing 
tensile strength with increasing aging time. After 
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3. Aging of Heat-1 plate at  l O 0 0 ~  (Mgure Il) producer 
continuous degradatim of strength between 1 aad 8 burr 

exposure. A t  the same time, duc t i l i t y  tends t o  increme 
m r a . ( y . l  " 1 4 " h + l . r *  Y I J  

t o  3 hours a t  l O 0 0 ~  a re  about the eame as those achieved 
by 3 hour aging a t  8750~ .  
strengths obtained after 875OF and lOOOOF aging diverge 
considerably. 

tt=eile grc**"i=s &t+,.r @=;: frm 1 

After 3 hours, however that 

4. Hea t -A  p la te  aged a t  8759 (Figure 8) and 9oOOF (Figure 9) 
from 1 t o  12  hours exhibit nearly the same t e n s i l e  properties. 
However at  875OF tensile strength appears t o  be increasing 
after 12  hours while a t  900- a plateau seems to have been 
reached. Transverse properties tend to be somewhat i n fe r io r  

5. 

t o  longitudinal, however, the differences a re  ra ther  smal l .  

Hea t -A  p la te  aged at 950- (Figure 10) a t t a ins  peak 
strength a f t e r  a 3 hour aging treatment. 
strength decreases gradually with increasing t i m e .  
behavior i s  typical  of a precipi ta t ion hardenable a l loy 
system. 
aging treatment. 
considerably lower than that a t ta ined by aging at 875 
or gOO?F. The strength of transverse specimens is about 
equal t o  or  s l igh t ly  better than longitudinal specimens; 
however, the duc t i l i ty  of transverse specimens is some- 
what poorer than longitudinal specimens. 

ThereQictcr, 

l h f 8  

Ductil i ty i s  not decisively affected by the  
The strength achieved a t  9509 is 

5 .  Figure 12 permits a d i rec t  comparison of Heat-1 and A. 

Although no s ta r t l ing  differences exist, the differences 
t h a t  dc prevail  ere s t r ik ing  i n  view of the very elmilar 

7 



chemical compositions. 
t o  an 875OF aging treatment quicker than Heat-1 but  both 
reach about the  same strength l eve l  a f t e r  prolonged aging. 
Within the range investigated, properties after 900- 

aging are qui te  similar. 
persists af'ter BOOF aging. 
lower strength, but even more significantly pronounced 
overaging characterizes this heat. &at-1 exhibits no 
tendency towards overaging within the timd range evaluated 
(3 t o  8 hours). 
posit ional difference, thc lat ter observation suggests 
the poss ib i l i ty  that titanium may impart res is tance t o  
overaging . 

Heat-A plate appears to respond 

The greatest apparent difference 
Heat-A exhibits consis tent ly  

Since titanium is the principal  com- 

3.5 Effects of Aging Treatment on Hardness 

The dependence of hardness on the aging treatment i s  depicted 
graphically i n  Figures 13 and 14 f o r  both heats.  
represents the average of four t o  eight identations.  
be seen, hardness remains very nearly constant over a wide 

range of aging times and temperatures. Consequently, hard- 

ne88 cannot be correlated closely t o  tensile properties.  

Each point 

As may 

Heat-1 plate is somewhat harder than Heat-A, especial ly  after 
Bm sging treatments. 
t ens i l e  property differences observed after the 95OoF treatment. 
However, it is  doubtful that such hardness d i spa r i t i e s  coulU 
be used t o  predict  tensile property differences, especial ly  
where compositional differences are greater than those which 
prevai l  between Heat-1 and A material. 

This difference coincides with the 

3.6 Net-Fracture Stress 

Fygure 1 5  describes the dependence of net-fracture stress 
( fa i l ing  load divided by the net section ana,  i.e.,  gage 

area less crack area) on shallow-crack depth f o r  Heats-1 and 
A plate. 

data are for  longitudinal specimens only, while both trans- 
The specimens were aged f o r  3 hours at gOOoF. Heat-1 
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verse and longitudinal data a re  presented f o r  Heat-A. 
depth, ra ther  than another crack shape parameter, vas selected 
as  the independent variable. However, it should be recognized 
tha t  depth alone may not be the most s ignif icant  crack shape 
parameter. 
future progress reports.  Data on crack length, depth, and 
gross f racture  stress are presented i n  Tables \Tf and v11. 

Crack 

Additional comments on this point w i l l  be made i n  

'phc -pcp1fi+.e dqic+;p(? in 15 ghcy tbt +A, E&*fy=&*&= 

stress of Heat-1 p la t e  remains constant u n t i l  a crack depth 
of approximately 0.110 inches is reached. Thereafter, tho 
net-fracture stress decreases ateadily with increasing crack 
depth. 
f o r  Heat-1. 
s l igh t ly  superior t o  those f o r  Heat-1, but the differences are 
quite s m a l l .  The transverse properties of Heat-A p la te  appear 
t o  be somewhat in fer ior  t o  the  longitudinal propartI86. This 
may be ascertained by comparing the  net-fracture 6tI%S6eS for 
approximately ident ical  crack sizes. 

Hea t -A  data exh ib i t  very cloae agreement wlth t h a t  
The longitudinal properties of Heat-A may be 

3.7 P la in  S t ra in  Fracture Toughness 

Plain s t r a i n  f racture  toughness values, KIC, are presented In  
Tables V I  and V I 1  f o r  both heats.  "he valuer -re calculated 
from Irwin's equation (Ref. 2), as follows: 

28 = crack length 
b = Crack depth 

T5: 0.6 offact  y i e l d  strength 
6 s  G r o S B - f n C t W  8trer8 
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Valws o f  KIC for  plate from both heats fall within the range 
of 100 to 1 2 5  kSi&i. 
between heats. 
Beat-A posses8 about the eame KIC values, although fha l o w ~ s t  
KIC vas obtained for  a tranoveme specimen. 

with no decisive differences apparent 
Lm@tudinal and transverse specimsna Avrm 

3.8 Fracture Surfaces 

Figure 16 i l l u s t r a t e s  fracture surfaces typical  of transverse 
and longitudinal shallow-crack specimens from Heat-A p la te ,  
The tranaverse rpecimens exhibit surfaces characterized by 
striations para l le l  t o  the ro l l ing  direction. 
far less prevalent on the  f racture  surfaces of the longitudinal 
specimam. The s t r ia t ions  are probably related t o  the banded 
microstructure illustrafied i n  Figure 7. 
underway t o  further examine the  nature of the f rac ture  surface 
s t r i a t ions .  

S t r ia t ions  are 

Work i s  presently 

4. SUlMARY AND CONCLUSIONS 

In summary the following conclusions may be made: 

1. Ultrasonic inspection of Heat-1 and A plate indicated 
acceptable soundness. However, metallographic examination 
reveals the presence of Inclusions which may be potent ia l ly  

damaging 

2. The ef fec ts  of aging treatment on uniaxial t e n s i l e  prop- 
erties are similar for both heats.  However, Heat-1 
appears t o  somewhat more r e s i s t an t  t o  overaging than Heat-A. 
This behavior might be re lated t o  the difference i n  
titanium contents. 

3 .  The t ens i l e  properties i n  the longitudinal and transverse 
directions are very similar, but d u c t i l i t y  i n  the trans- 
verse direction I s  generally Infer ior  t o  longitudinal.  

Hardness is  not appreciably affected by aglng treatments 4. 
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5 .  

6 .  

of 1 to 12 hour duration conducted at texperaturer irom 
875q to 950*. No definitive relationship exirtr betwen 
hardness and tensile pmpertiea. 

5 .  Net-fracture stresa properties of Heat-1 and A plate are 
quite similar. Howwar, transverse specimens from mat-A 
exhibit somewhat lower net-fracture stress values for a 
given crack size than do longitudinal specimens. Ala0 
fracture surface appearances are different for the two 
c9*+c+&-!zcns. 
to the banded microstructure which tends to prevail in 

mese c?iff:renn,ea ZIEy pcssibly be relcttd 

this alloy. 

6 .  main strain fracture toughness values, KIC , are virtually 
equal for  Heat-1 and A plate ranging between 100 and 125 ksi 

-. No conc3usivc dependence on specimen orientation was 

found from the limited data; however, transverse properties 
may be somewhat inferior to longitudinal properties. 

FUTURE WORK 

Heat-B plate and welding wire are on order. 
the material, the comprehensive evaluations of Heat-B w i l l  
begin in accordance with the proposed program. 

Upon receipt of 

1. 

2. 

3 -  

"Proposal t o  Evaluate Air-Melted 18Ni -7Co-5m Maraging 
Steel for Application to Space Launch Vehicle Stmctures" 
Douglas Report SM-42460, Oct. 1962. 

Irwin, G. R. "Fracture Testing of High Strength M a t e r i a l s  

Under Conditions Appropriate for Stress Analysis". Naval 
Research Laboratory Report No. 5486, July 27, 1960. 

Douglas Data Book PCR No. 20009 
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TABLE II 
ULTRASONIC THICKNESS TRAVERSE FOR HEAT-1, P L A T E  1 

765 .768 . n 5  .no . n 5  . n 8  .780 .780 .785 .785 .785 ,785 .773 .775 .777 . n o  .780 .780 .776 
775 .773 . n 5  .780 .783 .780 .780 .780 ,790 .787 .785 .786 .780 .783 .778 .775 .780 .780 . 7 7 C  
?e . 7 5  .?A" .?TB .?A? .?A? .?e? .?e? .??e .??? .?e? .?AS .?AS .?e6 .?Rn .??5 . 7" . ?AS 7 7 5  
769 . n 3  .783 .780 .780 .780 .783 .783 .787 .787 .790 .7% .783 .782 .780 .m .786 .783 .767 
765 .no .no .n5 .n8 .785 .780 .783 .790 .787 .787 .787 .785 ,785 .780 .m .783 .7& .765 
768 . n 5  .ne .780 .783 .783 .785 .785 .790 .793 .792 .788 .787 .7% .785 .780 .783 .7& .775 
no .no .780 .783 .783 .783 .788 .785 .793 . p 4  .790 .792 .767 .785 .783 .783 .784 .783 . nc 
no . n 5  . n 5  .780 .780 .7& .783 .783 .w, .793 . n o  .794 .no ,785 .785 .780 .785 .783 .n3 
775 .no . n 5  .780 .783 .785 .783 .788 .783 .786 .792 .786 .784 .705 ,792 .788 .787 .784 .774 
780 .780 ,788 .790 .793 .793 .800 .8oo .796 .790 .795 .793 .792 .Boa .795 .790 .786 .784 .vi 
n 8  .780 .785 .785 .790 .793 .795 .Boo .792 .789 .790 .786 .788 .797 .790 .787 .787 .787 .no 
n 5  .783 .780 .785 .790 .790 .795 .795 .790 :787 .792 .788 .786 ,795 .793 .792 .785 .702 .no 
7-75 .780 .783 .785 .788 .795 .795 .798 .800 805 .798 . W .800 .797 .795 .793 .786 .783 .n3 
-7-75 .780 .783 .783 .785 .788 .m .790 .eo9 .806 .m .8d( .805 .798 .797 .793 .788 .785 .772 
773 .n8 .n8 .780 .788 .m .m .m .m .a06 .a04 .8o7 .803 .798 .797 .795 .787 .785 .n5 
IT5 .780 .783 .788 .788 .793 .795 .793 .806 -808 .m .&5 .803 .800 .797 .795 .787 .787 .775 
773 .780 .780 .783 .785 .788 .793 .790 .805 .803 .800 .&XI .803 .798 .793 .793 .795 .7@ .78c 
m . n 5  .780 .784 .m .788 .793 .794 .803 .W .8oq .8d( .W .m .795 .790 .788 .786 .n6 
767 . n 5  .780 .W .'KR .m .vi .795 .800 .803 .em 304 .8m .8oo .793 .790 .787 .786 .n5 
,766 .n5 .* .W .786 .791 .790 .793 .800 .&XI .803 .803 .m .800 .800 .790 .787 .784 .m 
.768 .m .m .*3 .785 .-@8 .m .mi .805 .W .803 .803 .e03 .&XI .797 .W .786 .??'e .76: 
,766 .m .@o .785 .767 .767 .m .-p2 .805 .805 .803 .805 .803 .BOO .796 .793 .785 .782 .7'3 
.766 .m .m .m .785 .786 .w .-p2 .803 .Bo5 .803 .W .&XI .8oO .795 .795 .782 .782 .Vh 
.783 .m .m .793 .795 .793 .793 -800 .795 .796 .800 .W .792 .788 .786 .785 .7& .780 .nC 
.780 .@a . p 3  .795 .m .793 .795 -793 .8oO .&XI .795 .795 .798 .787 .791 .785 .783 .780 .nc 
.m .@a .786 .= .793 .790 .794 .793 .793 .793 .797 .780 .790 .785 .790 .7& -775 .n5 .7& 
.m ,785 .m .793 .& .793 .795 .795 .m .796 .795 .794 .795 .792 .788 .783 .785 -780 .nc 
.m . e 5  .V1 .m .793 .793 .791 .a00 .795 .&5 .eo0 .787 .794 385 .m .787 .m .7% .n: 
.785 .m . p 3  .795 .795 .795 -797 .797 .800 .a00 .795 .787 .785 .790 .790 .783 .780 .783 .nc 
.@5 .m .793 .794 .m .795 ,796 .795 .800 .795 .798 .791 .790 .787 .7% .785 .783 .780 .76f 
.785 .m .793 .793 .793 .795 .797 .796 ,792 .&XI .794 .792 .795 .793 .785 .786 .785 .780 .Tl( 
.784 .793 .798 .m .795 .m .795 .797 .790 .795 .797 .791 .797 .790 .785 .785 .785 .m .n! 
.785 .793 .m .795 .795 .795 .795 .805 .789 .795 .792 .m .793 .790 .784 .783 .7& .780 .765 
,780 .783 .-Em .795 .m -803 .8o5 .805 .800 .795 .&XI .793 .m .798 .803 .793 .785 .780 :Rf 
.m .m .m .793 .795 .795 .m .798 .ea .a04 .795 .795 .795 .793 .792 .788 .780 .n5 .n( 
,780 .785 .m .m .793 .793 .793 .795. 796 .m .794 .794 .794 .792 .792 .786 .m .n5 .n( 
.@ .'KR .m .793 .795 .m .798 .798 .796 .798 .798 .792 .793 .789 .791 .790 .7& .775 .7& 
.783 .m .m .793 .795 .793 .798 .800 .m .793 .8oo .796 .m .793 .795 .790 .7& .780 .7& 
.W .787 .m .m .795 .& .8o0 .800 .804 .795 .795 .797 .m .W .795 .?96 .7& .780 . ,  n' 
,765 .m .m .787 .m .8oo .8oO .800 .795 .795 .790 ,790 ,782 .780 .790 .790 .786 
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TABLE 111 

ULTRASONIC THICKNESS TRAVERSE FOR HEAT 1 - PLATE 2 
- '  a- LJ. .  
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-7Ss 9 794 
9 790 790 
790 7% 
792 790 

9 790 790 
788 790 
790 9 790 

e 7 8 8  785 

765 
.7& 
.785 
.785 
.?&j 
789 
786 =m 
790 

-7ss 
790 
786 

9 7 8 1  
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IIEAT-A PLATE TENSILE MTA 

SPEC. NO SPECIMEN 0 *2qb ULTIMATE: $ jbRED- 
I1oAIiEA OIURllWXON YEIS STFtESS, EWNG. 

8-1 kr i  (2 in. 
ksi ) GAGE __ 

@ 3 1  L 253 *o 259.0 ll .O 45 05 

11 .o 44.9 

AP 34 T 255 -0 260.8 8 .o 32.5 

@ 36 T 254 .O 260.3 9 -0 38.8 

cIcn n nrn c L CJL .V Cl”*) A D  2~ 
J L  

Ap 33 L 253 *6 250.8 u, .O 44 .O 

35 T 252 .o 260 .o 10 .o 36.6 

~ -~ 

NOTES: 

1. GIangitUdinal 

T=Tranmerue 
2 .  All result8 obtained vlth 0.505-in. diameter specimens. 
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84" 

HEAT "A" PLATE LAYOUT 

4.1.2 "A" LONG 
6 x  .SI5 TEN CYL CUT 6" x 23% 
(19 PCS) 
SPCS ELSEWE E 

4.1.1.4 "A" LONG 
FRACT. TOUGH. 
(3 PCS 9" x 21") 

1 
C l . L 4  "A" TRANS. 
FRACT ROUGH 
I 3 P C S 9 X 2 4 )  

4.12 "A" LONG 

(19 PCS ELSEWHERE) 

24 PCS 
- 4.1.1.3 "A" TRANS 
6 x .505 TENS CYL 

3 PCS 

4.1.1.3 "A" LONG - 
6 x .505 TENS CYL 
( 3  PCS) 

I 60" 
-ROLLING DIRECT!ON - a 

FIGURE 3 
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EFFECT OF AGING TIME AT 850, 875, 900, AND 950°F 
ON THE HARDNESS OF HEAT-1 18Ni-7Co-5MO AIRMELTED PLATE 

FROM 850 TO 95OoF 

0 2 4 6 8 10 
AGING TIME (HOURS) 

FIGURE 13 
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TRANSVERSE SPECIMEN AP4-5 

LONGITUDINAL SPECIMEN AP4-2 
~~~~C~~ SHALLOW-CRACK SPF,C!MEN FRACTURE 

SURFACES. HEAT- A PLATE. 
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APPENDIX I 

TENTATIVE DOUGLAS MATERIAL SPECIFICATION, DMS-1835, ( W I S E D  4-11-63) 
STEEL PLATE, 1% NICKEL MARAGING, 240,000 psi YIELD S m N G T H  

ACKNOWTXDGEMEWI! 
A vendor shall mention this specification number and its revision letter 
in all quotations and when acknowledging purchase orders. 

FORM 
Plate 

App--JcATiO&- 
The material covered by this specification is primarily intended for 
use in welded motor case assemblies at yield strengths of 240,000 psi. 

APPLICABLE DOCUMENTS 
The following dclcuments of issue in effect on date of invitation for bids, 
form a part of this specification: 

Federal 
Test Methods Std. No. 151 

Aeronautical Material Specifications 
AMS 2252 

Metals: Test Methods 

Tolerance, Alloy Steel 
Sheet, Strip and Plate 

American Society for Testing Materials 
ASTM E .45 lvIethod A Determining Inclusion 

Content of Steel 

ASTM Standards, 1958, Part 3 Metals, Test Methods 

ASTM, 1956 

ASTM A-435-59T 

Military 
MIL- STD-430 

Standard Method for 
Chemical Analysis of 
Ferrous Metals 

Specification for 
Ultrasonic Testin3 and 
Inspection of Steel Plates 

Macrograph Standards for 
Steel Bars, Billets and 
Blooms 
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APPENDIX I, Con't. 

CoMposITIoN 
The composition shall be as follows: 

Element -. Chemical Content, weight 4 
Nickel 
Cobalt 
Molybdenum 
Titanium 
Carbon 
Silicon 
Manganese 
Sulfur 
Phosphorus 
Aluminum 
Boron 
Zirconium 
calcium 

17.0 - 19.0 
7.0 - 8.5 
4.6 - 5.10 
0.40 - 0.60 
nin3 Emx 
0.10 max 
0.10 max 
0.01 max 
0.01 IImx 

0.003 max added 
0.02 added 
0.05 added 

0.05 - 0.15 

MELTING PRACTICE 
The steel shall be manufactured by acceptable electric furnace air 
melting practices with or without vacuum degassing. 

cmmoIJ 
The plate shall be furnished hot rolled, annealed, completely descaled, 
and protected against corrosion. 

Annealing Practices 
Annealing shall consist of heating the plate in air to 1500 + 25- 
for one hour per inch of cross section or one hour minimum t h e  
at temperature, whichever I s  applicable, followed by air cooling 
to room temperature. 

Hardness 
Plate SuRRlied in the annealed condition shall have a Rockwell 
"C" scale-hardness value of 34 maximum, or 341 Brinell, maximum.  

Corrosion Protection 
All surface8 shall be free of rust and contamination and protected 
from corrosbn as agreed upon by the vendor and purchaser. 

Mechanical Properties, Aged 
m a t e  shall be tested in directions 
diCular to the finish rolling direction, 
two cycles (noted below), and shall meet 
properties : 

parallel to and perpen- 
after heat treatment at 
the following minimum 
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APFTNDIX I, Con't . 
Ultimate Tensile Strength, psi, minimum 245,000 
Yield Strength, 0.2% Offset. psi ,  minimum 240,000 
Elongation, 8 i n  2 inches, minimum 6 

30 Reduction i n  Area, $ minimum (round bar tes t )  

The material sha l l  be 'neat treated as  follows: 

Cycle 1: 900 2 l'j°F, 3 hours, iir cool 
Cycle 2: 90 - + iS%, i.2 nours, a i r  cooi 

Bend Test,  
Material supplied i n  the annealed condition shall be capable of 
sustaining t h e  following m a x i m u m  bend radius, a f t e r  bending 
through an angle of 90' af te r  springback. Specimens sha l l  be 
bent so tha t  the axes of bend are para l le l  and transverse t o  the 
f in i sh  rol l ing direction. 

Maximum bend radius = 2T (where T = thickness of plate) .  

Cleanliness 
Every p la te  must be sampled f o r  microcleanliness. L i m i t s  sha l l  
conform t o  the requirements of AS?M E-45-Method A, t h in  and 
heavy ser ies  as follows: 

Thin Heavy - 
A 1.0 1.5 
B 1.0 1.5 
c 1.0 1.5 
D 1.5 1.5 

- Internal  Soundness 
Internal  soundness shall be determined by ultrasonic test tech- 
niques in conformance with ASTM A-435-59T. 
1004 surface inspection with re ject ion l i m i t s  of 4 6  on 2-1/2" 
back ref lect ion.  

fnngitudinal wave 

QUALITY 
The p la te  shall be uniform i n  quality and condition, clean, sound, smooth, 
and f ree  from foreign materials and from in te rna l  and external defects 
detrimental t o  fabrication or performance of par t s .  The surface sha l l  
be free of p i t s ,  scratches, seams, laps, o r  other defects.  Surface 
defects may be removed by grinding so long as minimum dimensional 
tolerances a re  not exceeded, and grinding takes place pr ior  t o  f i n a l  
annealing. 

TOLERANCES 
Thickness, width, length, and flatness tolerances of p la te  shal l  conform 
t o  the latest issue of AMs 2252. 
s h a l l  not exceed plus 0.060 inch, minus 9.01 inch f o r  p la te  l-inch 
thick or  less, regardless of width or  length. 

I n  addition, the thickness tolerance 
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OOUGLAS LABORAXMY PROCEmE PAGE of 
T l t u :  TECHNIQUE F O R  MAKING SHALLOW-CRACKS IN 

SHEET METAL TENSILE SPECIMENS 

This  Laboratory Procedure describes the  method for making shallow- 
cracks i n  sheet metal t e n s i l e  specimens, 

I. 3600 RPM 50 Ibs. capaci ty Krouse Sheet Flexure Fat igue Machlno, 

2. Two wedge type support blocks t o  clamp t h e  specimen (Ffguro8 I 
and 2). These blocks should be made of a mater ia l  that  18 08 
hard or  harder than the specimen mater ia l .  4340 s t H l  support 
blocks hardened t o  RC 53 have been used successfu l ly  for high- 
s t rength s t e e l  specimens. 

3. Two adapter blocks t o  at tach t h e  specimen t o  t h e  connoctfng rod 
of the  f a t i g u e  machine. 

40 power microscope w i  t h  an eyepiece scale graduated i n  0.001", 

(Figures 3 and 4).  

4. 

C. feESIMFN FFtFPARAT I OM: 

I. The specimen used i s  a pin-loaded t e n s i l e  sp0cirn.n as shown I n  
F igure 5. 

2. The specimen which i s  t o  be cracked I s  ground or sanded 80 t h ~ t  
t h e  gr ind ing  or sanding s t r i a t i o n s  a r e  i n  t h e  long l tud tna l  d t -  
r e c t i o n  of t h e  specimen (normal t o  t h e  crack length). It mry bo 
necessary t o  g r i n d  both sides o f  the  specimen t o  mainta in  flatno#$, 
I n  grinding, not more than 0.001 inch thickness of materfal 18 
removed w i t h  one pass, Preferably, h igh-strength stool  Is grourrd 
i n  the annealed cond i t ion  t o  prevent g r i n d i n g  c r icks  and burntng, 

3. An e l e c t r i c a l  discharge machined s t a r t e r  notch (0.003 Inch dooo, 
0.004 inch wide and 0.006 inch long) i s  made i n  t h e  rpoclnwn a t  
the  desired loca t ion  of the shallow-crack. 



APPENDIX I1 

C. (Cont'd) 

4. The specimen i s  then heat t rea ted  t o  the  desired s t rehgth  
leve l ,  i f  required, using heat t r e a t  f i x t u r e s  where necessary 
t o  maintain f la tness ,  

5. The sharp corners and the  specimen surface, on which t h e  
shallow-crack i s  t o  be introduced, a re  pol ished using No. 100 
abrasive c l o t h  f i r s t  and f i n i shed  w i t h  No, I abrasive p o l i s h i n g  
paper. The speciiiiefi i s  aiways pui is i ied i n  the isiigitudiiiai 
d i r e c t i o n  of the  specimen. 

0. PROCEDURE: 

1 .  The specimen i s  placed (po l i shed surface fac ing  up) between the  
two wedge-shaped support blocks and i t s  p o s i t i o n  adjusted so 
t h a t  t he  e l e c t r i c a l  discharge machined s t a r t e r  notch i s  located 
approximately 1/16 inch d i r e c t l y  i n  f r o n t  o f  t he  t i p  o f  t he  t o p  
wedge shaped block. (Figures 6 and 7). 

2. The f r e e  end of  t he  specimen i s  attached t o  t h e  connecting rod 
of t he  f a t i g u e  machine by means o f  the  two adapter blocks. 
(Figures 6 and 7). 

3. By means o f  an adjustment screw near the  f i x e d  end of  t he  specimen, 
the  he igh t  o f  t he  specimen i s  adjusted so t h a t  t he  s t ress  on the  
pol ished t o p  surface of t he  specimen i s  always tension, never 
compression. 

4. The eccent r i c  of the  fa t i gue  machine i s  adjusted so t h a t  t he  
i n i t i a l  crack occurs w i th in  a convenient time, about 3 t o  5 minutes. 
An e c c e n t r i c i t y  of 16 t o  20 d i v i s i o n s  ( d e f l e c t i o n  o f  0.48 t o  0.59 
:rich respec t i ve l y )  i s  s a t i s f a c t o r y  f o r  h igh-strength s tee l .  

5. The microscope i s  focused on the  pol ished top surface of t he  
specimen so t h a t  t he  e l e c t r i c a l  discharge machined s t a r t e r  notch 
i s  v i s i b l e  i n  the  center o f  t he  f i e l d  o+ view. (F igure 7 ) .  



D. (Cont'd) 

6. The fa t igue machine i s  then turned on and al lowed t o  run fop I 
shor t  time, one or two minutes. 
stopped and the  specimen surface viewed through t h e  microito~o 
t o  see i f  a crack has i n i t i a t e d  from the  s t a r t e r  notch, 1 4  t h ~ ~  
t c  I a 11" .I* rrrrlr G, ern, the fatigue iiieehine I s  run rgetn fer e 6hW+ ti- wid 
t h e  specimen surfaco viewed again. T h h  protoduro 18 fOpW4bd 
u n t i l  a crack has i n i t i a t e d  from t h o  startor notch. 'Ik or& 
length i s  then measurod w i t h  t h o  greduatod oyop10~0 Of tho r l 8 t O -  
scope. Cyc l ing i s  continuod u n t i  I t h o  d o r l r o d  crack Im@h 18 
obtained. Approximate r e l a t i o n s  botween crack length and C f 8 C k  
d e p t h  f o r  0.070 inch h igh-r t rongth rtml, 0.050 inch W I 4 V  
Titanium, 0.050 Inch 5AI-2.5 SN Titanium, 01lOo Inch and 0,250 l W h  
2014-T6 Aluminum are presented i n  F igurer  8 and 9. 

The fa t iguo machlno IS *her( 

7. The crack length and number of cyc les are roeardod Ubd +ha 8DOCIYn 
i s  removed from t h e  fa t igue machino, 

J, I., Waisman 
Assis tant  Chief Design Engi neer 
M ~ t o r i a l s  Resoarch b Productfon Methods A i r c r a f t  Olvislon 
Uisslla b Space Systems Olv is ion  

h b t o r t r l r  R O i O w C h  & kOOW@ # R @ l R W  

/ J. E. GaroI, Chief 
Mater ia ls  L Procoss Enginoor 
Tulsa D i v i s i o n  

SLP: bn 
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APPENDIX I11 - TENSILE DAW s- 

UNIAXIAL TENSILE DATA - HEAT 1 PLATE 

uIJ!rIMAm 45 
STHESS, ELONG . 

OF TEMP. STRESS, ksi (2-in. 
HRS. ksi GAGE) 

2-4 875 252 5 10 .o 247 3 3 
2=8 ej-5 d 

2-10 875 3 247.8 253 *7 10 .o 
2-22 875 8 NA 263.9 8 .o 
2-23 875 15 NA 268.3 9-0 

SPEC. AGING TIpllE 0 4  
NO. =* 9 AT YIELD 

ii .o nrn 0 
CJU .w 

01. I ,  I) 
C W . W  

3 

2-6 900 3 257.7 264.2 8.5 
2-7 900 3 259 *1 264.4 8.5 
2-8 900 3 260.7 265.2 9 00 
2-16 900 8 NA 266.6 9 *O 
2-24 900 8 NA 265 97 8 .o 
2-25 900 8 IIA 264 .o 9.5 
2-26 900 15 NA 269.1 9.0 

2-5 925 3 263 5 267.2 9 *O 
2-12 925 3 265 *7 269.2 9.0 
2-13 925 3 259.7 267 -7 10 .o 
2-28 925 8 NA 266.5 7.5 
2-29 925 15 NA 266.5 9.0 

2- 30 950 3 NA 
2-17 950 8 NA 
2-31 950 8 NA 

2-32 lo00 1 NA 
2-18 1000 3 NA 
2-33 lo00 3 NA 
2-19 lo00 8 NA 

269 .o 8 .o 
261.6 10 .o 
263 5 8.5 

NOTES : 

1. Au. result6 obtained with 0.505-in. diameter specimens 
2. Not available 
3. All specimens longitudinal 

255 -0 9 *O 
252.4 9.5 
255 *o 10 .o 
242.9 12 .o 



APPENDIX I11 - TENSILE DATA SUMMARY 
UNIAXIAL TENSILE: DATA - HEAT A PARENT PLATE 

MARAGED AT 875OF 

SPEC. TlME AT s p E x = m  o.e$ ULTIMAm $ ELONG. $RED. 

(HOURS) (ksi ) (ksi ) GAGE ) 
NO. "F'ERATURE ORIElPTATION YIELD STRESS STRESS (IN 2" INAREA 

AP21 1 
A Z 2  i 
A=?5 1 
e 2 6  1 

m 3  3 
AP24 3 
~ ~ 2 2 7  3 
~ ~ 2 2 8  3 

m 5  6 
~ ~ 2 6  6 
~ ~ 2 2 9  6 
-30 6 

L 240.4 248.8 

T 236.8 245.5 
L 238.6 246.5 

T 234.8 240 .O 

L 250.1 260.9 
L 254.2 259.9 
T 248.6 258 3 
T 250.4 259.8 

L 254.7 263.4 
L 259 -1 265 *7 

T 255 3 265 9 3 
T 249.4 264.7 

=7 12  L 265.4 2-71 5 
AP28 12 L 264.5 272 9 5 
~ ~ 2 3 1  12  T 264.9 272 .o 
AE32 12  T 261 .g 270 -7  

1. L = longitudinal 
T = Transverse 

10.5 
11 .o 
10 .o 

9.5 

11 .o 
12 .o 
9.5 
8.0 

9 *O 
10 .o 
7 *O 
6.5 

8 .o 
8.0 
8 .O 
8 .o 

47.4 

39.6 

44.3 
51.1 

36.6 

43.5 
39.5 
35 07 
30 *7 

37.6 
37.7 
32.8 
29.8 

48.2 

40.1 

40.7 

2. A l l  results obtained with 0.505-in. diameter specimens. 
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APPENDIX 111, Con't. - 'IIENSILE M A  SUMMARY 

UNIAXIAL TENSII$ DATA - HEAT A PARENT PLATE 
IuRAcmA!rgoooF 

ULTIMATE 3 ELOIQG. @ED* 
s m s  (in 2") IN AREA 

SPEC. TIME AT SPECIMEN 0.8 
NO. TEMpERA!PUFE 3-mON yzEu)sTREss 

(HOURS) ( k s i )  (ksi  ) 

~ ~ 2 9  1 L 243.2 249.9 
Am10 1 L 240 .O 249.9 
m233 i T 239.2 249.9 
AP234 1 T 242.3 250.6 

mu 3 L 255 02 261.6 
AF'2l2 3 L 255 *o 261.6 
A R 3 5  3 T 252.2 262 .g 
~ ~ 2 3 6  3 T 256.0 261.8 

-4 6 L 259.8 265.4 
Am37 6 T 260.8 267.4 
~ ~ 2 3 8  6 T 259.1 267 .o 

-5 12 L 261.8 268.2 
A m 6  12 L 259.8 266.4 
AE39 12 T 260.9 268.5 
AP240 12 T 261.9 268.4 

NOTES: 

~ ~ 2 1 3  6 L 260.3 265 *7 

1. L = Longitudinal 
T = Transverse 

All results obtained with 0.505-in. diameter specimens. 2. 

10 .o 
10 .o 
8.0 
9.0 

10.5 
8.0 
8.0 
7 .o 

9.0 
10.0 
8 .o 
8.0 

10 .o 
9.0 
6.5 
7 .o 

45.2 
45*5  
34 .o 
36.6 

37.6 

32 .o 

39.1 
42 .P 
34.4 
35 -3 

43.5 
39.0 

42.2 

32 -7 
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APPENDIX 111, (Cont'd) - TENSILE DATA 
UNAXIAL TENSILE DATA HEAT A PARENT PLATE MARAGED AT 950°F 

~~ 

SPEC. TIME AT SPEC= 0.2$ ULTIMATE '$ELONG. $RED. 
NO. TEMPERATURE: ORIENTATION YIELD STRESS STFESS ( I N  2 * )  I N  AREA 

(HOURS) ) ( KSI) 

3 
-20 3 
m 4 3  3 
AP244 3 

AP221 6 
-2 6 
AP245 6 
AP246 6 

m 2 3  12 
AF224 E 
AP247 12 
AP248 I 2  

1. L = Longitudinal 

L 247.8 

T 247.:: 

L 248.3 
T 247.6 

255.5 10.0 42.2 
254.7 10.0 49.6 

9 - 0  39.0 
32.c Q n  

254.5 
254.6 u. w 

L 251 * 7 260.1 11.0 48.1 
L 250.6 260.4 10.0 44.2 
T 254.2 261.3 10.0 38.7 
T 254.7 261.6 7.0 36.6 

L 250.6 256.3 10.0 39.2 
L 247.8 256.3 11.5 44.7 
T 251.7 259.8 10.0 35.7 
T 252.7 259.6 10.0 35.7 

L 239.9 247.6 12 .o 37.4 
L 240.7 248.1 13.0 50.9 
T 243.5 252.4 10.5 39.1 
T 241.9 251.2 10.5 41.1 

T = Transverse 
2. A l l  results obtained with 0.505 i n .  diameter speclmens. 
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